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Abstract. The AstroMed project at Harvard University’s Initiative in
Innovative Computing (IIC) is working on improved visualization and
data sharing solutions applicable to the fields of both astronomy and
medicine. The current focus is on the application of medical imaging
visualization and analysis techniques to three-dimensional astronomical
data. The 3D Slicer and OsiriX medical imaging tools have been used
to make isosurface and volumetric models in RA-DEC-velocity space of
the Perseus star forming region from the COMPLETE Survey of Star
Forming Regions spectral line maps. 3D Slicer, a brain imaging and
visualization computer application developed at Brigham and Womens
Hospitals Surgical Planning Lab, is capable of displaying volumes (data
cubes as a FITS file or a series of image files), displaying slices in any
direction through the volume, generating 3D isosurface models from the
volume which can be viewed and rotated in 3D space, and making 3D
models of label maps (for example CLUMPFIND output). OsiriX is able
to generate volumetric models from data cubes and allows the user in real
time to change the displayed intensity level, crop the models without los-
ing the data, manipulate the model and viewing angle, and use a variety
of projections.

In applying 3D Slicer to 12CO and 13CO spectral line data cubes of
Perseus, the visualization allowed for a rapid review of over 8 square de-
grees and 150,000 spectra, and the cataloging of 217 high velocity points.
These points were further investigated in three regions (B5, IC 348, and
L1448) and all known outflows were detected, 20 points were identified in
these regions as possibly being associated with undocumented outflows,
3 points were identified with a shell around B5 IRS4, and 6 points were
identified with a possible large shell spanning across the L1448 and NGC
1333 regions of Perseus. Future work for AstroMed includes making 3D
Slicer more compatible with astronomical data including more quantita-
tive tools, and improved segmentation algorithms and displays. All IIC
developed tools, as well as 3D Slicer and OsiriX, are freely available.
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1. Introduction

1.1. The AstroMed Project

Harvard University’s Initiative in Innovative Computing (IIC) was created in
2005 and is an interdisciplinary research and development center. The IIC’s goal
is to foster interdisciplinary science with the use and advancement of computa-
tional technology in order to advance data-intensive science. The Astronomical
Medicine Project (“AstroMed”) is a pilot project of the IIC, and is a collabo-
ration between the Harvard-Smithsonian Center for Astrophysics, the Brigham
and Women’s Hospital Surgical Planning Laboratory, the Martinos Center for
Biomedical Imaging, and the Harvard Medical School. The project’s objective
is to address common research features in both the fields of astronomy and
medicine including imaging, image analysis, and managing globally distributed
large data sets.

1.2. Why visualize in 3D?

The third dimension in data cubes is often hard to visualize, and is usually left
out of the analysis or display. In star formation, for example, the third dimension
is commonly the velocity component which is essential to determining the cloud’s
structure, core locations and properties, and velocity features including outflows
and shells. Some common visualization techniques include integrated maps,
contour maps and overlays, and channel map movies. There are many tools
that allow one to display 3D data in these ways including DS9, Karma, GAIA,
and Aipsview. Unlike these and other astronomical tools which were originally
designed for 2D data, 3D Slicer was designed for the display and analysis of 3D
data. Having a way to display the data in three dimensions in order to take into
account RA, DEC, and velocity will generate a wealth of information compared
to a two dimensional display of the data.

2. 3D Slicer

3D Slicer is a brain imaging and visualization computer application originally
developed at the MIT Artificial Intelligence Laboratory and at the Brigham and
Womens Hospital’s Surgical Planning Lab. It was designed to help surgeons in
image-guided surgery, to assist in pre-surgical preparation, to be used as a diag-
nostic tool, and to help in the field of brain research and visualization (Gering
1999). 3D Slicer is built on ITK and VTK which are C++ based programming
toolkits developed for the registration, segmentation, and visualization of digital
medical imaging data. 3D Slicer was first applied to astronomical data in Borkin
et al. (2005) to study the hierarchical structure of star forming cores and ve-
locity structure of IC 348 in 13CO and C18O, and was applied in Borkin (2006)
to catalog velocity features in Perseus in order to find previously undetected
outflows.

3D Slicer is capable of reading in and displaying volumes (i.e. data cubes
in the form of a FITS file or a series of image files), and displaying slices in any
direction through a volume. 3D Slicer can easily generate 3D isosurface models
from the volume (as shown in Figure 1) which can be viewed and rotated in 3D
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Figure 1. The star forming region IC 348 in 13CO as displayed by
3D Slicer.

space (either on a standard monitor or in stereographic with the appropriate
monitor or projector). 3D Slicer is also capable of generating 3D models from
label maps (for example CLUMPFIND or other algorithmic output). 3D Slicer
has built-in segmentation routines and modules which range from a basic wa-
tershed to the more complex Expectation-Maximization algorithm. Images of
generated models or slices can be output in the form of individual or series of
images.

3. OsiriX

OsiriX is a medical imaging program developed by Dr. Osman Ratib (UCLA)
and Dr. Antoine Rosset (University of Geneva) in order to display and analyze
large radiological data sets on a desktop computer. OsiriX, like 3D Slicer, is
built on the ITK and VTK programming toolkits and takes advantage of Mac
OS X specific graphical and computing capabilities. OsiriX is able to generate
isosurface models and volume rendered models (as shown in Figure 2) from
data cubes. OsiriX allows the user in real time to change the displayed intensity
level, crop the models without losing the data, manipulate the model and viewing
angle, and use a variety of projections (e.g. maximum intensity projection). The
displayed data can be output as an image, a QuickTime movie, or a QuickTime
VR object. OsiriX’s real-time modeling and rendering capabilities make it a
strong tool for data exploration.

4. Astronomical Results

In applying 3D Slicer to 12CO and 13CO spectral line data cubes of Perseus,
the visualization allowed for a rapid review of over 8 square degrees and 150,000
spectra, and the cataloging of 217 high velocity points. These points, which
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Figure 2. The Perseus star forming cloud in 12CO as displayed in
OsiriX.

were identified by eye in 3D Slicer, were further investigated in three regions
(B5, IC 348, and L1448) and all known outflows were detected, 20 points were
identified in these regions as possibly being associated with undocumented out-
flows, 3 points were identified with a shell around B5 IRS4, and 6 points were
identified with a possible large shell spanning across the L1448 and NGC 1333
regions of Perseus (Borkin 2006). Conducting a rapid survey this large using
standard techniques for outflow identification (e.g. examining individual spectra
or position velocity diagrams) would be impractical.

5. Conclusion

Research conducted through AstroMed has served as a proof of concept that
medical imaging programs and analysis techniques are advantageous to astro-
nomical imaging and research. Future work for AstroMed includes making 3D
Slicer more compatible with astronomical data including more quantitative tools,
improved display capabilities, more file output options, the incorporation of more
astronomically relevant segmentation and analysis algorithms, and incorporat-
ing interoperability with online data bases. All IIC developed tools, as well as
3D Slicer and OsiriX, are freely available and can be downloaded online. For
more information, go to http://www.iic.harvard.edu.
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